hours) and collected maternal and neonatal data at the time of delivery or shortly thereafter. New Ballard 48 Score (NBS), last menstrual period (LMP), and birth weight were used individually to assign GA at delivery 49 and categorize each birth as either preterm or term. Additionally, machine learning techniques incorporated 50 combinations of these measures with several maternal and newborn characteristics associated with 51 prematurity and SGA to develop GA at delivery and preterm birth prediction models. 
102
The study employs midwives who attend to participants admitted to the labor ward or postpartum 103 unit at UTH. Their duties include ensuring that relevant clinical information is captured in the study record, 104 that babies are weighed at birth or shortly thereafter, and that the NBS is performed within 72 hours of 105 delivery.
106
Newborns were included in this analysis if they were live-born and they had a complete set of 107 characteristics and metrics assessed in this study. We defined preterm birth as birth prior to 37 weeks of 108 gestation and SGA as a birthweight less than the 10 th percentile for its corresponding GA.
[25] The NBS 109 sums assessments of 5 domains of neuromuscular maturity and 7 domains of physical maturity into a 110 composite score that is used to assign GA at delivery. [12] We evaluated both the composite score and its 111 individual components in this study.
112
In our analyses, we assessed eight models: three single parameter GA dating methods and five 113 multiple parameter novel machine learning GA dating models (Table 1) . We were primarily interested in 114 classifying preterm birth as a binary outcome (i.e., <37 weeks or not), but we also wished to assess how the 115 models might estimate GA as a continuous outcome. We restricted our models to maternal and newborn 116 characteristics that are accessible to health workers in resource-limited settings at the time of delivery, 117 either through direct assessment or review of the medical record.
118 119 137
We used super learner[28] to generate five GA and prematurity prediction models (components 138 described above). In brief, super learner is a machine learning approach for combining the strengths of 139 multiple predictive models or learners. Super learner finds the weighted, convex combination of these 140 algorithms that minimizes the cross-validated mean squared error of predictions of GA and preterm birth.
141
To reduce concerns about over-fitting the data, we utilized k-fold cross validation (with 10 folds) to select 142 the combination of learners. K-fold cross validation ensures that the learner is not fit (trained) to the same 143 data that are used to make predictions and judge performance. shown in Figure 1 . The models generated by the super learner program for GA as a continuous outcome 177 clustered estimated GAs around the mean, resulting in a loss of outliers and less accurate estimation of GA 178 as a continuous outcome (Figure 1d-1h 246 Implementation of this model using six accessible maternal and newborn characteristics may increase the 247 accuracy and rapidity of preterm newborn identification in LMIC settings as well as decrease the time and 248 level of training required by frontline health workers to assess preterm birth.
249
A significant limitation of this current study is survival bias of assessed newborns, as demonstrated 250 by the significant differences between our assessed and not assessed populations (Table 2) . Preterm, 251 especially early preterm, newborns were sometimes not assessed by study midwives because they were 252 deemed too ill for the assessment or because of parental or neonatal provider objection to the exam. These 253 early preterm newborns would likely have been identified as preterm by models included in this analysis.
254
Thus, our estimates likely underestimate the performance of preterm birth identification in all models. Even 255 with continuous staffing of the labor ward by midwives trained on NBS performance, many newborns were 256 not evaluated within 72 hours. As many early preterm and critically ill newborns are never assessed, 257 newborn assessments may not be the most effective measure of GA for these babies. In our cohort, we were 258 able to assess significantly more newborns in our model (81% vs. 54%) when we included newborns on 259 whom NBS was not collected, indicating that GA dating methods excluding newborn assessment may be 260 more efficacious in LMIC settings.
261
A further limitation of our current model is that it was developed to optimize the accuracy of a 262 binary outcome, preterm (<37 weeks) versus term (≥37 weeks) newborns, resulting in limited accuracy of 263 our continuous GA dating models. Utilizing super learner capabilities to better model GA as a continuous 264 outcome may be a helpful next step for neonatal providers desiring to better estimate accurate GA.
265
Additionally, our current model requires all characteristics and measurements to assess preterm birth status 266 be present for study inclusion. Consequently, if a woman does not know her LMP, her newborn is omitted 267 from this model. Future work to assess novel GA and preterm newborn prediction models using machine 268 learning techniques should include methods to impute missing data. Further, as validation of our model was 269 limited to internal k-fold cross validation, preventing over-fitting the data, external validation should be 270 pursued in future work.
271
In summary, by leveraging the capacity of cutting-edge machine learning algorithms and maternal 272 parameters associated with prematurity and SGA newborns, we identified a parsimonious list of covariates 273 that improves accuracy of preterm newborn identification. Our model incorporates six accessible maternal 274 and newborn characteristics and metrics, reducing the skill and time required to assess gestational age. This 275 exploratory study supports the need for further research into the use of machine learning techniques to 276 improve the accuracy of gestational age assessment in low resource settings and to assist frontline health 277 workers in identifying newborns who may require special care.
278

